The 3 nontranslated region (NTR) of the pestivirus Bovine viral diarrhea virus (BVDV), a close relative of human Hepatitis C virus, consists of three stem-loops which are separated by two single-stranded regions. As in other positive-stranded RNA viruses, the 3 NTR of pestiviruses is involved in crucial processes of the viral life cycle. While several studies characterized cis-acting elements within the 3 NTR of a BVDV replicon, there are no studies addressing the significance of these elements in the context of a replicating virus. To examine the functional importance of 3 NTR elements, a set of 4-base deletions and deletions of each of the three stem-loops were introduced into an infectious BVDV cDNA clone. Emerging mutant viruses were characterized with regard to plaque phenotype, growth kinetics, and synthesis of viral RNA. The results indicated that presence of stem-loop (SL) I and the 3-terminal part of the single-stranded region between stem-loops I and II are indispensable for pestiviral replication. In contrast, deletions within SL II and SL III as well as absence of either SL II or SL III still allowed efficient viral replication; however, a mutant RNA lacking both SL II and SL III was not infectious. The results of this study provide a detailed map of the essential and nonessential elements within the 3 NTR of BVDV and contribute to our understanding of sequence and structural elements important for efficient viral replication of pestiviruses in natural host cells.
which precede an internal ribosome entry site, which mediates cap-independent translation of the viral polyprotein (5, 30, 36, 37) . Analyses of BVDV mutants revealed that apart from the highly conserved 5Ј-terminal sequence motif 5Ј-GUAU the remainder of the 70 nucleotides which form stem-loop (SL) Ia are not required for efficient pestivirus replication in cell culture or in vivo (5, 20, 32) . Moreover, it has been suggested that the corresponding complementary AUAC-3Ј sequence motif of the viral minus strand probably represents a minimal cisacting element essential for synthesis of viral genomic RNA (5, 20) .
According to computer predictions and biochemical analyses, the 3Ј NTR of BVDV folds into three stem-loop structures separated by single-stranded regions (15, 23, 46) . Analyses with replicating BVDV subgenomic RNAs encompassing the 5Ј and 3Ј NTRs as well as the genomic region encoding the nonstructural proteins NS3, NS4A, NS4B, NS5A, and NS5B revealed that the highly conserved 3Ј-terminal SL I and the singlestranded region between SL I and SL II play essential roles during RNA replication (46) . According to recently communicated data, the remaining variable part of the 3Ј NTR contains a complex RNA motif which serves as the binding determinant for a set of cellular proteins and is believed to coordinate the switch between viral translation and replication (23, 24) . While these studies were based on a BVDV replicon system, there are no reports addressing the significance of 3Ј NTR elements in the context of a replicating virus.
In the present study, several mutations were introduced into the 3Ј NTR of an infectious BVDV full-length cDNA clone. After transfection of in vitro-transcribed RNAs, essential and nonessential elements within the 3Ј NTR were defined. The mutants were characterized with regard to (i) specific infectivity of the RNA, (ii) growth properties, and (iii) accumulation of viral genomic RNA and proteins. The data presented deepen our understanding of sequence and structural elements within the 3Ј NTR that are important for efficient replication of pestiviruses in their natural host cells.
MATERIALS AND METHODS

Cells and viruses.
Madin-Darby bovine kidney (MDBK) cells were obtained from the American Type Culture Collection (Rockville, Md.). Cells were grown in DulbeccoЈs modified EagleЈs medium supplemented with 10% horse serum. Cells were tested regularly for the absence of pestiviruses by reverse transcription-PCR and immunofluorescence (3) . The cytopathogenic BVDV-1 strain CP7-5A has been described previously (5) .
Reverse transcription-PCR, molecular cloning, and nucleotide sequencing. Reverse transcription of heat-denatured RNA and PCR were done as described previously (3) . For determination of the 5Ј-and 3Ј-terminal sequences of BVDV CP7 mutant viruses, an RNA ligation method was employed as described (4, 5) . Computer analysis of sequence data was performed using Heidelberg Unix Sequence Analysis Resources (Deutsches Krebsforschungszentrum, Heidelberg, Germany), which provides the GCG (Genetics Computer Group Inc., Madison, Wisconsin) software package (16) .
Construction of 3 NTR mutant plasmids. Construction of BVDV full-length cDNA clones carrying mutations in the 3Ј NTR was based on plasmid pCP7-5A (5). Compared to the authentic sequence of the parental BVDV strain CP7, pCP7-5A contains two nucleotide differences within the 3Ј NTR. The two nucleotides present in pCP7-5A were replaced by the authentic sequence of CP7 wild-type virus resulting in pCP7-388, which served as the parental construct for all mutants described here. Compared to the formerly used construct pCP7-5A, the specific infectivity of RNA transcribed from pCP7-388 was about fivefold increased and plaques produced by the resulting virus CP7-388 were twofold larger (data not shown).
All nucleotide numberings included here refer to pCP7-388. Mutants M3, M5, M9, M10, M11, Del Sl I, and Del Sl II were constructed by PCR with the antisense primer carrying the desired mutation and the sense primer OLB49 (nucleotides 10756 to 10773) using plasmid pCP7-388 as the template. The PCR products obtained were cloned in pCR2.1 (Invitrogen) or pDrive (Qiagen) vectors. After control of the nucleotide sequences, the fragments were digested with ClaI and AatII and subsequently cloned in pCP7-388 precut with ClaI (nucleotide 11076) and AatII (nucleotide 12259). Mutants M1, M2, M4, M6, M7, M8, and M12 to M15 were constructed by Quikchange PCR (Stratagene, Heidelberg, Germany) using a subclone of pCP7-388, which encompasses nucleotides 10756 to 12294 of the CP7 sequence, followed by cloning and sequencing of the altered ClaI/AatII fragments into pCP7-388 precut with ClaI (11076) and AatII (12259).
For mutants M1, M2, and Del SL I, the fragments carrying the mutations were introduced into pCP7-388 using the ClaI site and an FseI site which is located directly downstream of the SmaI site used for linearization of the full-length cDNA. For construction of Del SL III and Del SL II-III, two AgeI sites were introduced into the cDNA clone CP7-388 at positions 12116 and 12157 (Del SL III), and positions 12116 and 12217 (Del SL II-III). After digestion with AgeI followed by religation, the truncated ClaI/AatII fragments were cloned into CP7-388 precut with ClaI and AatII (see above).
To reconstruct the pseudorevertants of mutants M3 and Del SL II, the sequences of the pseudorevertants were incorporated by Quikchange PCR into the parental cDNA clones harboring the original deletion. After cloning and sequencing, the resulting clones were digested with ClaI and AatII and the purified fragments were introduced into pCP7-388 precut with ClaI and AatII. Further details of the cloning strategies as well as primer sequences are available upon request.
Computer-predicted RNA folding. Modeling of the RNA secondary structures was performed with the programs RNAFOLD, MFOLD, and FOLDANALYZE (16) . Computer-predicted models of the RNA secondary structure were used to assess the locations and putative changes of the RNA secondary structure for each mutant.
In vitro synthesis and transfection of RNA. In vitro transcription of RNA and transfection of MDBK cells were performed as described (5) . About 2 g of RNA was used for each transfection. For comparative analyses, the transcription/ transfection experiments using sets of 3Ј NTR mutants together with the parent virus CP7-388 were performed in parallel and repeated several times; these analyses included an immunofluorescence assay, determination of viral yields after transfection, and a plaque assay (see below).
Plaque assays. MDBK cells were transfected with 2 g of each RNA, and 10-fold serial dilutions of transfected cells together with 2 ϫ 10 6 naive MDBK cells were seeded into six-well dishes. After incubation at 37°C for 4 h, the attached cells were overlaid with semisolid medium containing 0.6% low-melting-point agarose (Gibco-BRL) and 5% horse serum. After 6 days of incubation at 37°C, 2% (wt/vol) paraformaldehyde was used for fixation of the cells. After removal of the agarose overlays, the cells were washed with phosphate-buffered saline, followed by air drying, and subjected to immunostaining as described (5) . For each of the mutant viruses and CP7-388, the diameters of 10 to 37 plaques were measured and used for calculation of mean values (average plaque sizes) and standard deviations (see Table 1 and Fig. 5B ).
Determination of growth kinetics. We infected 2 ϫ 10 6 MDBK cells with transcript-derived virus at a multiplicity of infection (MOI) of 0.1. After adsorption for 1 hour at 37°C, the cells were washed six times with phosphate-buffered saline, overlaid with medium containing 10% horse serum, and incubated over a 3-day period. At the indicated time points aliquots (200 l) of the supernatant were removed and used for titration on MDBK cells. The viral yields were determined as the titer of 50% tissue culture infectious doses (TCID 50 ) per milliliter.
RNA preparation, gel electrophoresis, and Northern (RNA) hybridization. For comparative analyses of viral RNA synthesis, 2 ϫ 10 6 MDBK cells were infected with transcript-derived virus at an MOI of 0.1 and processed in parallel to cells used for determination of the growth kinetics. Preparation of total cellular RNA, gel electrophoresis, radioactive labeling of the probes, hybridization, and posthybridization washes were carried out as described previously (2) . An EcoRI fragment (nucleotides 6278 to 7850) of the cDNA clone pCP7-388 was used as a BVDV-specific probe. The glyceraldehyde 3-phosphate dehydrogenase (GAPDH) probe was a kind gift of C. Grassmann (Institut für Virologie, Giessen, Germany) and has been described (28) . The viral genomic RNA and the GAPDH RNA were detected by autoradiography, and the intensity of bands was determined by phosphorimaging (Typhoon 9200, Amersham Biosciences, Freiburg, Germany).
RESULTS
Mapping of essential and nonessential elements within the 3 NTR by small deletions. To study the significance of 3Ј NTR elements for viral replication, we first constructed a set of 4-base deletion mutants. This approach was used to affect both sequence and structural elements. The 15 deletions introduced into the 3Ј NTR of CP7-388 cover different paired and unpaired regions of the three stem-loops SL I, SL II, and SL III as well as the two single-stranded regions separating the stemloops ( Fig. 1 and Table 1 ). The cDNA clones carrying the mutations were used for in vitro transcription of full-length genomic RNAs. After transfection of MDBK cells, the specific infectivities and virus yields were determined for each of the mutant RNAs and the RNA transcribed from the parent plasmid pCP7-388. Transfection of mutant RNAs M1, M2, M4, and M5 did not result in production of viral antigen, while all the other RNAs were infectious. The specific infectivities of M6 to M15 were between 1.3 ϫ 10 5 PFU/g and 1.8 ϫ 10 6 PFU/g and thus either not reduced or only moderately reduced compared to the specific infectivity of CP7-388 (1.2 ϫ 10 6 PFU/g) ( Table  1 ). In contrast, the specific infectivity of the RNA from M3 (1.2 ϫ 10 1 PFU/g) was near the limit of detection. These differences correlated well with the percentage of immunofluorescence-positive cells determined 24 h posttransfection and the virus titers obtained at different time points after transfection (data not shown). To confirm the obtained results, the transcription/transfection experiments using the whole set of mutant RNAs were done in parallel and repeated twice. The separate experiments led to very similar results (data not shown).
To characterize their growth properties, the growth rate and yield of the mutant viruses M6 to M15 were determined. Supernatants from cells transfected with the individual mutant RNAs were titrated and then used to infect MDBK cells at an MOI of 0.1. After incubation at 37°C, virus released into the medium was titrated over a 2-day period ( Fig. 2A) . The peak titer for CP7-388 was 8.5 ϫ 10 5 TCID 50 /ml, achieved 36 h postinfection. All mutants reached very similar peak titers compared to CP7-388 ( Fig. 2A) . Furthermore, progeny virus recovered from the in vitro-transcribed RNAs of M6 to M15 and CP7-388 was characterized by plaque assay on MDBK cells using dilutions of cells directly after transfection (Table  1 ). The transcript-derived parent virus CP7-388 formed plaques with an average size of 4.9 mm. M6, M7, M8, and M10 produced plaques with an average size ranging from 2.8 to 3.1 mm, while plaques generated by M9 and M11 to M15 had an average size ranging from 3.8 to 4.9 mm. Taken together, both the specific infectivities and the growth properties of mutants M6 to M15 are similar to those of CP7-388.
For analysis of viral RNA synthesis, cells were infected with the mutants M6 to M15 and CP7-388 at an MOI of 1. Total (Fig. 2B ). Viral RNA was visualized by hybridization with a BVDV-specific probe. The amounts of viral genomic RNA were quantified by phosphorimaging, and the values were normalized by using the signals obtained with a GAPDH-specific probe (Fig. 2B) . The RNAs of CP7-388 and M14 were slightly more abundant than those of the other mutant viruses (M6 to M13 and M15) that produced 26 to 53% of the amount of RNA detected after infection with CP7-388. Northern blot analysis of RNAs prepared 24 h postinfection led to very similar results (data not shown). Taken together, the results of our analyses demonstrated that the deletions within SL I and the 3Ј-terminal part of the single-stranded region directly upstream of SL I resulted in complete (M1, M2, M4, and M5) or almost complete (M3) loss of infectivity. In contrast, for all mutants with deletions affecting SL II, SL III, the single-stranded region between these stem-loops, and the 5Ј-terminal part of the single-stranded region between SL I and SL II, specific infectivity, plaque size, virus yield, and viral RNA synthesis were not reduced or only moderately reduced (Table 1 and Fig. 2) . It can be concluded that SL I and the 3Ј-terminal part of the preceding singlestranded region of the BVDV genomic RNA represent essential elements for efficient replication of BVDV, while our analyses of 4-base deletions did not provide evidence for the presence of additional essential cis-acting elements in the remaining part of the 3Ј NTR.
Search for secondary mutations within the 3 NTR of the 4-base deletion mutants. To investigate whether secondary mutations occurred within the 3Ј NTR, each deletion mutant was passaged twice in MDBK cells. Using RNAs from the second tissue culture passage, the 3Ј-terminal sequences were amplified by reverse transcription-PCR and cloned in a bacterial plasmid; at least three cDNA clones were characterized for each mutant. For mutants M6 to M15, sequence analysis indicated the absence of any secondary mutations within the genomic region analyzed.
The specific infectivity of M3 was only 12 PFU/g RNA ( Table 1 ). The plaques that emerged after transfection with the RNA of M3 were Ͻ0.6 mm in size and thus significantly smaller than the plaques produced by CP7-388 (data not shown). The viruses obtained from five independently emerged plaques were biologically cloned and further characterized. Determination of the 3Ј-terminal sequences of these five viruses actually demonstrated the presence of mutations in the direct vicinity of the deletion site (Fig. 3A) . Interestingly, the 3Ј NTR sequences of pseudorevertants M3-2, M3-3, and M3-4 were identical.
For further analyses, the mutations identified in the genomes of M3-2 and M3-5 were introduced into pCP7-388; the resulting mutant viruses were named M3R2 and M3R5, respectively. After transfection of the in vitro-synthesized RNA, infectious virus was recovered and propagated. The second tissue culture passage was used for analysis of growth kinetics, plaque sizes, and viral RNA synthesis. For both engineered mutants, the infectious virus titers obtained during the first 48 h after infection were reduced by about one (M3R2) or two (M3R5) orders of magnitude compared to the parent virus CP7-388 (Fig. 3B) . Plaque assays revealed a small-plaque phenotype for both mutant viruses (data not shown); the average plaque sizes of M3R2 and M3R5 were reduced at least sevenfold compared to the plaques produced after infection with CP7-388 (data not shown).
For analysis of viral RNA synthesis, a Northern blot analysis of total cellular RNAs prepared 24 h after infection of MDBK cells with M3R2, M3R5, and CP7-388 at an MOI of 0.1 was performed and the relative amounts of viral genomic RNA were determined by phosphorimager analysis. As expected from its replication kinetics, the amounts of accumulated RNAs of M3R2 and M3R5 were only 7% and 2%, respectively, of the amount of CP7-388 RNA (Fig. 3C) . Taken together, the replication efficiency of the mutants M3R2 and M3R5 is significantly reduced. According to a comparison of predicted RNA secondary structures, it can be assumed that the severely affected stability of SL I of the original mutant M3 was partly restored by the secondary mutations which led to the emergence of pseudorevertants such as M3R2 and M3R5 (Fig. 3D) .
Deletion of entire stem-loops. The results obtained prompted us to construct additional mutants, each lacking one of the three stem-loops SL I, SL II, and SL III as well as a mutant lacking both SL II and SL III (Del SL II-III). The RNA of mutant Del SL I, which lacks the 3Ј-terminal stem-loop SL I, and the RNA of mutant Del SL II-III were not infectious (Fig. 4A) . The lack of infectivity of Del SL I is in agreement with the results obtained with mutant RNAs carrying 4-base deletions within SL I (see above). In contrast, removal of SL III did not lead to a significant reduction of the specific infectivity of the resulting mutant RNA (Fig. 4A) . Further studies, including determination of growth kinetics (Fig. 4B ) and plaque size (Fig. 4C) as well as analysis of viral RNA synthesis (Fig. 4D) , revealed no significant differences between Del SL III and the parental CP7-388. These results demonstrate that SL III is not required for efficient replication of BVDV.
With respect to the mutant RNA lacking SL II (Del SL II), the specific infectivity was slightly above the detection limit (Fig. 4A) . After two tissue culture passages of the supernatant from cells transfected with this RNA, titers of Ͼ4 ϫ 10 5 /ml infectious virus were obtained, suggesting the emergence of secondary mutations. Determination of the 3Ј-terminal sequences of the viruses obtained actually demonstrated the presence of a set of single or double point mutations located in the direct vicinity of the deletion site of Del SL II (Fig. 5A) . All pseudorevertants which emerged after transfection of Del SL II lacked the entire SL II.
To study the effects of the absence of SL II further, the sequences of three of the identified pseudorevertants (R1, R3, and R6) (Fig. 5A) were introduced into the 3Ј NTR of CP7-388. Transcription/transfection experiments indicated that the specific infectivities of the resulting RNAs (Del SL II R1, Del SL II R3, and Del SL II R6) were between 2.3 ϫ 10 5 and 1.1 ϫ 10 6 PFU/g and thus not significantly or only slightly lower than that of CP7-388 (1.2 ϫ 10 6 PFU/g) (Fig. 5B) . All engineered mutants lacking the entire SL II produced smaller plaques than CP7-388 (Fig. 5B) . For further characterization, the growth kinetics of the three mutants and CP7-388 were determined using an MOI of 0.1. MDBK cells were infected with supernatants from cells transfected with the various RNAs. After incubation at 37°C, virus released into the medium was titrated over a 3-day period. With respect to the first 24 h postinfection, the titers produced by the viruses lacking SL II were about one order of magnitude lower than the titers of CP7-388, while at later time points all viruses including CP7-388 grew to very similar titers (Fig. 5C) . Each of the viruses For comparative analysis of viral RNA synthesis, cells were infected at an MOI of 0.1 and processed in parallel to those used to determine the growth rates. Total cellular RNA was prepared 24 h postinfection and used for Northern blot analysis. Viral RNA was visualized by hybridization, and the intensity of bands was determined with a phosphorimager (Fig. 5D) . The RNA of the parental virus CP7-388 was more abundant than that of any of the mutant viruses lacking SL II. Accordingly, there was a reduction of both the amounts of accumulated viral RNAs and the virus titers obtained at 24 h postinfection Taken together, the results of our analyses of BVDV mutant RNAs lacking entire stem-loop structures within the 3Ј NTR demonstrated that the presence of SL I is indispensable for pestiviral replication, while deletion of either SL II or SL III allowed efficient viral replication. However, a mutant lacking both SL II and SL III was not infectious. Accordingly, the replication ability of BVDV depends on the presence of SL I and the 3Ј-terminal part of the single-stranded region directly upstream of SL I together with either SL II or SL III.
DISCUSSION
The nontranslated regions of positive-strand RNA viruses contain cis-acting signals important for replication and translation of viral genomes (7, 8, 10, 12, 27, 33, 34, 42) . Pestivirus genomic RNAs encompass 5Ј and 3Ј NTRs with lengths of approximately 380 to 400 and 190 to 270 nucleotides, respectively (1, 4) . With regard to the 3Ј NTR of pestiviral genomes, the 3Ј-most 70 nucleotides represent a highly conserved element, of which the last 56 to 60 nucleotides form a stable stem-loop structure, termed SL I (4, 15, 46) . The remaining variable portion of the 3Ј NTR has been reported to form a complex RNA motif encompassing two less-stable stem-loop structures, termed SL II and SL III (23) .
Using a BVDV replicon, cis-acting elements in the 3Ј NTR have been characterized previously (23, 24, 46) . Such replicons usually lack the genomic region encoding the structural proteins, p7, and NS2; they are suited to dissect the role of RNA signals for RNA replication and translation. However, the importance of sequence and structural elements for other steps of the viral life cycle such as packaging and particle formation cannot be addressed. The experiments described here were designed to study the significance of sequence and structural elements of the 3Ј NTR of BVDV in the context of a replicating virus. Several deletions were introduced into the 3Ј NTR of an infectious BVDV cDNA clone and subsequently analyzed. The results of our analyses show that SL I and the 3Ј-terminal part of the singlestranded region between SL I and SL II represent essential elements for viral replication, while transfection of mutant RNAs with small deletions within SL II and SL III and also mutant RNAs lacking either the entire SL II or SL III structure still resulted in recovery of efficiently replicating viruses; the latter were not or only slightly reduced in their ability to grow to high viral titers. Accordingly, lack of either SL II or SL III as well as deletion of the 5Ј-terminal part of the single-stranded on October 15, 2017 by guest http://jvi.asm.org/ region preceding SL I had no major negative effect on RNA replication, translation, packaging, or particle formation. Our observation that all 4-base deletions within SL I (affecting both stem and loop regions) and the 3Ј-terminal part of the single-stranded region between SL I and SL II as well as complete removal of SL I abrogate viral replication highlights the crucial role of these elements for viral replication. This is in agreement with a previous study based on a BVDV replicon system (46) . According to that study, mutations within SL I and the preceding single-stranded region lead to partial or complete inhibition of RNA replication.
The single-stranded region between SL I and SL II is highly conserved among various pestivirus species (1, 4) , and it has been suggested that this region, similar to SL I, is important for viral RNA replication of a BVDV replicon (46) . Our analysis revealed that 4-base deletions affecting the 3Ј portion of this region completely inhibited viral replication, while deletions within the 5Ј-terminal portion of this single-stranded region had only minor negative effects on the replication capacity of the respective mutants ( Fig. 2 and Table 1 ). Similar to our results obtained for the 3Ј NTR of BVDV, it has been shown for other members of the Flaviviridae that 3Ј-terminal sequences are absolutely essential for viral RNA replication. For the related human hepatitis C virus, it is known that the highly conserved 3ЈX region and the poly(U/UC) tract represent indispensable elements implicated in viral RNA replication (19, 45) . In addition, the essential nature of 3Ј-terminal sequences has also been demonstrated for GB virus-B as well as for members of the genus Flavivirus such as tick-borne encephalitis virus and dengue virus (11, 33, 34) . Moreover, genetic analyses of 3Ј NTR sequences of other plus-strand RNA viruses revealed the existence of cis-acting elements crucial for viral replication (9, 14, 17, 18) .
For flaviviruses and hepatitis C virus, viral and cellular factors have been found to bind to the terminal regions of viral genomes and were proposed to play important roles in viral replication (7, 8, 12, 13, 25, 40) . Recently, it has been reported that a group of cellular host factors, the so-called NFAR proteins, are implicated in RNA replication of a BVDV replicon, and it was shown that these proteins bind to SL II and SL III (23, 24) . It will be interesting to determine whether some of the mutants described here differ with respect to binding of such cellular proteins.
In contrast to mutations within SL I and the 3Ј-terminal portion of the preceding single-stranded region, all 4-base deletions located in base-paired and loop regions of SL II and SL III were well tolerated. Interestingly, deletion of the entire SL II resulted in recovery of efficiently replicating pseudorevertants. Analysis of reconstructed mutants proved that single or double point mutations in the vicinity of the SL II deletion site reconstituted the specific infectivity to almost the wild-type level. It can be speculated that the point mutations repair either an essential sequence element or a structural conformation of the 3Ј NTR required for efficient replication. Notably, the specific infectivity, viral replication efficiency, and amounts of accumulated viral RNA of the reconstructed mutants lacking SL II were not significantly reduced or only slightly reduced (Fig. 5) . Using a different approach based on a BVDV replicon, it has been shown that point mutations affecting the sequence and structure of SL II significantly decreased the RNA replication efficiency but did not result in complete loss of replication capability (24) .
With regard to SL III, the results of the present study provide clear evidence that a virus mutant lacking that stem-loop did not differ from the parental virus with respect to specific infectivity of viral RNA, growth kinetics, plaque size, or yield of viral RNA and proteins (Fig. 4 and data not shown) . This observation is in conflict with the above-mentioned study, which concluded that proper formation of SL II and SL III is crucial for correct translation termination and efficient RNA replication of a BVDV replicon (24) . While in the replicon system entire stem-loops were not deleted, RNA replication of replicons with mutations affecting the structure of SL III was severely inhibited. Accordingly, the significance of cis-acting elements determined in the context of a replicon lacking substantial parts of the viral genomic RNA may differ from their importance in the context of an infectious full-length viral genome.
Alternatively, the differences could be due to the use of different virus strains or viral sequences. The BVDV replicon DI9c used by Isken et al. (23, 24) was obtained by fusion of cDNA sequences derived from the genomes of BVDV strains CP7, CP9, and NADL and harbors chimeric 5Ј and 3Ј NTRs (35) . In contrast to DI9c, our infectious BVDV cDNA clone used for the experiments described in this study represents an authentic copy of the genome of BVDV strain CP7.
Finally, the differences observed concerning the importance of SL II and SL III might be due to the use of different cell lines. In contrast to our study, where bovine kidney cells were used in all experiments, the experiments with the BVDV replicons were performed in baby hamster kidney 21 (BHK-21) cells, which are not susceptible to infection with pestiviruses. In this context, it is important to mention that BHK-21 cells, which have been used extensively to study RNA replication of BVDV subgenomic replicons, do not support efficient RNA replication of in vitro-transcribed BVDV full-length genomic RNAs (P. Becher, unpublished). Accordingly, RNA replication of BVDV replicons in BHK-21 cells is probably influenced by factors different from those important for replication of pestiviruses in natural host cells.
